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ABSTRACT 
Using a case study approach, this paper presents a robust methodology for 
assessing the compatibility of stormwater treatment performance data between two 
geographical regions in relation to a treatment system. The desktop analysis 
compared data derived from a field study undertaken in Florida, USA, with South 
East Queensland (SEQ) rainfall and pollutant characteristics. The analysis was 
based on the hypothesis that when transposing treatment performance information 
from one geographical region to another, detailed assessment of specific rainfall and 
stormwater quality parameters is required. Accordingly, characteristics of measured 
rainfall events and stormwater quality in the Florida study were compared with typical 
characteristics for SEQ.  
Rainfall events monitored in the Florida study were found to be similar to events that 
occur in SEQ in terms of their primary characteristics of depth, duration and intensity. 
Similarities in total suspended solids (TSS) and total nitrogen (TN) concentration 
ranges for Florida and SEQ suggest that TSS and TN removal performances would 
not be very different if the treatment system is installed in SEQ. However, further 
investigations are needed to evaluate the treatment performance of total phosphorus 
(TP). The methodology presented also allows comparison of other water quality 
parameters. 
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1. INTRODUCTION 
Stormwater runoff transports a range of pollutants of both, natural and anthropogenic 
origin and is a significant non-point source of urban water pollution (Al Bakri et al. 
2008). For effective removal of stormwater pollutants, it is important to employ 
treatment technologies which are appropriate to site and rainfall characteristics.  
A range of engineered stormwater treatment systems are marketed by various 
commercial vendors. In this context, it is important to ascertain the treatment 
performance of these systems under rainfall characteristics specific to a region. This 
requires stringent monitoring of the treatment system for a specified suite of rainfall 
events.  
Performance evaluation of this nature is highly resource intensive and time 
consuming. As rainfall characteristics often vary between different geographical 
regions, there is concern regarding the performance of an engineered stormwater 
treatment system in a geographical region which is different to the region where it 
was originally evaluated. There is very limited guidance provided in published 
literature regarding possible methodologies that can be used for assessing the 
compatibility of treatment performance data between different geographical regions.    
Using a case study approach based on comparing data from a study undertaken in 
Florida, USA, with South East Queensland (SEQ) rainfall and pollutant 
characteristics, this paper presents a robust methodology that could be used for 
assessing the transference of treatment performance data between two geographical 
regions. The approach includes comparison of key rainfall and pollutant 
characteristics that are most influential in defining the performance of a stormwater 
treatment system. The methodology also allows comparison of a range of water 
quality parameters.  
2. METHODOLOGY 
2.1 Florida study 
The performance data was obtained from the field testing of a membrane filtration 
stormwater treatment device. The field study was conducted by the University of 
Florida in accordance with the Technology Acceptance Reciprocity Partnership 
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(TARP) and Virginia Technology Assessment Protocol (VTAP) field test protocols. 
Further details of this study are provided in UoF (2011). 
During the field testing, samples were taken pre- and post-treatment for each 
monitored storm event to assess the pollutant removal performance. The collected 
samples were analysed for a range parameters including total suspended solids 
(TSS), total nitrogen (TN) and total phosphorus (TP). Removal performances of 89% 
for TSS, 51% for TN and 59% for TP have been reported (UoF, 2011). The 
transference of these removal efficiencies under SEQ conditions of rainfall and water 
quality characteristics is the focus of this paper.       
2.2 Approach adopted for comparison of treatment performance  
Performance of a stormwater treatment system is typically influenced by stormwater 
inflow characteristics and inflow pollutant characteristics (Clark and Pitt, 2012). 
Therefore, when transposing treatment performance information from one 
geographical region to another, detailed assessment of runoff and stormwater quality 
data is required.  
Initially, the rainfall characteristics were assessed due to their direct effect on runoff 
characteristics, and in turn, pollutant wash-off (Egodawatta et al., 2007). In this 
assessment, characteristics of monitored Florida rainfall events (provided in UoF 
2011) were compared with typical rainfall characteristics for SEQ. Rainfall records 
obtained from the Bureau of Meteorology weather station at Brisbane Airport were 
used for this analysis.  
Long term rainfall trends were investigated in order to select three representative 
years with below average, average and above average annual rainfall depths. 
Rainfall events corresponding to each year were selected, where the rainfall depth 
was more than 2mm. The 2mm threshold was selected as the minimum rainfall 
depth that generates runoff from impervious surfaces (Boyd et al. 1994). 
For the assessment of stormwater quality, measured inflow stormwater quality in 
Florida (as reported in UoF 2011) was compared with the stormwater quality 
measurements from two monitoring programs undertaken by Queensland University 
of Technology (QUT).  
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One study involved the monitoring of four residential catchments in the Gold Coast 
region. The other came from monitoring of the car park at the Direct Factory Outlet 
(DFO) shopping centre at Brisbane Airport.  
Both monitoring programs used automatic sampling equipment, and the collected 
stormwater runoff samples were tested for primary stormwater quality parameters 
which includes TSS, TN, and TP. Further details of the Gold Coast catchment 
monitoring program are available in Goonetilleke et al. (2005). 
3. RESULTS AND DISCUSSION 
3.1 Comparison of Florida and South East Queensland rainfall characteristics 
Assessment of rainfall characteristics in SEQ was based on a total of 207 rainfall 
events selected from three representative years; 1999, 2004 and 2005. These three 
years were selected from an investigation of long term rainfall trends (see Figure 1). 
This investigation was based on the hypothesis that the characteristics of rainfall 
events which influence stormwater quality can differ during a relatively dry year and 
a relatively wet year. Accordingly, the differences in rainfall event characteristics due 
to long term weather conditions can be accommodated by selecting representative 
rainfall years for each specific period.  
As shown in Figure 1, the three selected representative years include a relatively wet 
year (1999), an average wet year (2004) and a relatively dry year (2005) in terms of 
the annual rainfall depth. Moreover, the selected years are also representative in 
terms of the number of wet days per calendar year.  
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Figure 1 - Analysis for selecting representative rainfall years using Brisbane Airport weather station data.
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The primary rainfall characteristics that influence stormwater quality are rainfall 
depth, duration, average intensity and maximum intensity (see for example, Liu et 
al., 2012). Accordingly, rainfall depth, rainfall duration and maximum 6 minute rainfall 
intensity were taken as the appropriate parameters for comparison. Average 
intensity was not included due to its direct relationship with rainfall depth and 
duration.  
The primary rainfall characteristics for the 25 Florida rainfall events given in the UoF 
(2011) report, and the selected 207 SEQ rainfall events were initially compared using 
a graphical method. The scatter plot for rainfall duration and rainfall depth is given in 
Figure 2. Figure 3 shows the scatter plot for rainfall duration and maximum 6 minute 
intensity.  
As evident in Figure 2 and Figure 3, the Florida rainfall events do not cluster 
separately from the SEQ events. Rather, the Florida events are randomly scattered 
within the envelope created by the SEQ events. This suggests that the monitored 
Florida rainfall events are similar to the events that occur in SEQ, in terms of their 
primary characteristics.  
 
 
Figure 2 – Scatter plot of rainfall duration vs rainfall depth for the SEQ and Florida 
rainfall events. 
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Figure 3 – Scatter plot of rainfall duration vs maximum 6 minute rainfall intensity for 
207 SEQ and 25 Florida  discrete rainfall events. 
 
To assess the statistical similarity of the primary rainfall parameters between Florida 
and SEQ, the sampling approach referred to as the Bootstrap Method was adopted 
(Efron and Tibshirani, 1993). Under the assumption of independent data points, a 
large number (1000) of random sample data sets, each of 25 data points in size, 
were drawn from the SEQ rainfall data pool and compared with the characteristics of 
the 25 events from Florida. When these sample data sets were drawn, one data 
point at a time was selected and recorded each time (i.e. sampling with 
replacement).  
The selected data point was put back into the SEQ data pool prior to selecting the 
next data point, so that the size of the data pool remains constant prior to selection 
of each point. For each sample data set, summary statistics were calculated, 
creating 1,000 summary statistics for each parameter of interest. These formed 
distributions of typical parameter values that would be observed if a sample size of 
25 were taken from SEQ. These distributions (or more specifically, the 95% 
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bootstrap intervals) were then compared to the summary statistics calculated from 
the Florida data in order to determine how likely or similar they might be.  
It could be concluded that the rainfall parameters are similar if the summary statistics 
for the Florida data fell within the 95% bootstrap intervals. Table 1 shows that all 
rainfall parameters are similar except for two minor discrepancy correlations, as the 
corresponding summary statistics for Florida are well within the lower and upper 
bootstrap interval of SEQ events. These results strengthened the previous 
conclusion of similarity of the monitored Florida rainfall events with typical SEQ 
events based on their primary rainfall characteristics (i.e. rainfall depth and duration). 
Table 1 - Statistical similarity of primary rainfall parameters for SEQ and Florida 
Parameter Lower 
bound on 
95% 
bootstrap 
interval 
Upper 
bound on 
95% 
bootstrap 
interval 
Summary 
statistics 
for Florida 
data 
Within the 
95% 
bootstrap 
interval or 
not 
Mean rainfall depth 7.97 20.51 15.25 Yes 
Mean rainfall duration 94.08 197.76 135.04 Yes 
Mean rainfall maximum 
intensity 
18.85 41.55 41.40 Yes 
Standard deviation of rainfall 
depth 
6.14 27.08 13.37 Yes 
Standard deviation of rainfall 
duration 
66.18 214.15 160.36 Yes 
Standard deviation of rainfall 
maximum intensity 
14.49 47.81 29.30 Yes 
Correlation between rainfall 
depth and duration 
0.02 0.88 0.61 Yes 
Correlation between rainfall 
depth and maximum intensity 
0.31 0.89 -0.06 No 
Correlation between rainfall 
duration and maximum 
intensity 
-0.38 0.40 0.51 No 
 
3.2 Comparison of average recurrence interval data 
In an event based rainfall analysis, Liu et al. (2012) found that the temporal pattern 
of rainfall exerts a significant influence on stormwater quality. Accordingly, it was 
concluded that the comparison of rainfall events should go beyond the comparison of 
primary characteristics and incorporate the rainfall temporal patterns in the analysis. 
However, as noted by Egodawatta et al. (2007), pollutant wash-off is significantly 
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influenced by the maximum rainfall intensity, where high kinetic energy in raindrops 
can dislodge a relatively higher fraction of pollutant load from catchment surfaces. 
Therefore, those characteristics that represent the variation in rainfall intensities in 
relation to its maximum and average values needed to be investigated. 
For comparison, intensity-frequency-duration curves were derived according to the 
procedures outlined in Australian Rainfall and Runoff (AR&R) (1998). The rainfall 
durations considered were, 6, 10, 15, 30, 60, 120, 180 and 360min, the same as 
specified in AR&R (1998). It was postulated that the slope of the intensity-frequency-
duration (IFD) curves provide insight into the variations in rainfall temporal patterns. 
The IFD plots for the 25 Florida rainfall events reported by UoF (2011) and for the 69 
events for the SEQ average rainfall year (2004) are presented in Figure 4. Figure 4 
also gives the 1 year and 2 year ARI (average recurrence interval) curves for SEQ, 
for comparison.  
 
Figure 4 – Temporal variations of intensity - duration curves for rainfall events in 
Florida and SEQ  
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As shown in Figure 4, all the SEQ rainfall events considered are below the 1 year 
ARI envelope, except for one event. This confirms that that the vast majority of 
events that occurred during the average rainfall year of 2004, are frequent events. 
The rainfall events for Florida are also scattered within the same envelope in which 
the SEQ events are distributed. Therefore, it can be concluded that the curves 
representing Florida events are similar to the SEQ events. Figure 4 shows that only 
one Florida rainfall event is greater than the SEQ 1 year ARI. 
3.3 Comparison of Florida and South East Queensland stormwater quality 
characteristics 
The performance of a stormwater treatment device can show characteristics that are 
specific to the stormwater quality profile at the installation site. These stormwater 
quality characteristics are influenced by the surrounding soil characteristics, site 
management, and landscaping practices such as fertilizer usage. Given these 
factors, it was important to compare the measured stormwater quality in UoF (2011) 
study with stormwater quality characteristics typical of SEQ.  
Comparisons of event mean concentration values (EMC) using box and whisker 
plots are given in Figure 5 and Figure 6. In the box and whisker plots, the box 
represents the middle 50% of data, which is bound by the first (Q1) and third (Q3) 
quartiles. Whiskers represent data outside the middle 50%. Further, dots represent 
the outliers, which are at least 1.5 times the interquartile range less than Q1 and 
greater than Q3. Figure 5 shows the comparison of measured total suspended solids 
(TSS) concentrations, whilst Figure 6 shows a comparison of measured nutrient 
concentrations in SEQ and Florida. 
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Figure 5 – Comparison of TSS concentrations (TSS – total suspended solids; FLO – 
Florida; DFO – Direct Factory Outlet; TSS – total suspended solids; GC – Gold 
Coast) 
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Figure 6 – Comparison of nutrient concentrations (TP – total phosphorus; TN – total 
nitrogen) 
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Figure 5 shows that TSS concentration ranges measured in Florida are generally 
within the range of concentrations observed in the SEQ study areas. Furthermore, 
from Figure 6, it is evident that TN concentrations are also closely comparable 
between Florida and SEQ study areas. However, in the case of TP, the 
concentrations observed in Florida are relatively higher compared to the SEQ study 
areas.  
The similarities in TSS and TN concentration ranges between the Florida and SEQ 
study areas suggests that TSS and TN removal should not be very different if the 
treatment device was installed in SEQ. However, its performance in relation to TP 
removal needs further investigations. 
Additionally, the statistical similarity of the stormwater quality parameters between 
Florida and SEQ was assessed similarly to the comparison of their rainfall 
characteristics. A non-parametric one-way ANOVA, referred to as the Kruskal-Wallis 
test, was used to compare independent data sets from Florida and SEQ monitoring 
programs. For this comparison, the data set from the Gold Coast monitoring program 
was preferred over the data set from the monitoring program at the DFO.  
This was due to the fact that TSS and TN concentration ranges obtained from the 
Gold Coast study were more consistent with the Florida study (see Figure 5 and 
Figure 6). Furthermore, the Gold Coast monitoring program was a long term program 
(over 6 years) that encompassed a relatively large geographical area when 
compared to the monitoring program at the DFO.  
The Kruskal-Wallis test computes a chi-square statistic with a statistical significance 
measured by the p-value, facilitating hypothesis testing. The test was performed by 
choosing the null hypothesis (H0); Florida and Gold Coast stormwater quality 
measurements have the same distribution. The alternative hypothesis (HA) is that 
Gold Coast stormwater quality characteristics are different from the Florida 
measurements. The p-values obtained from this analysis are given in Table 2.  
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Table 2 - Statistical similarities of stormwater quality parameters for SEQ and Florida 
  
TSS TN TP 
p value p value p value 
Florida-Gold Coast 0.0306 0.0392 2.99E-09 
Accept/ Reject the null hypothesis at 
1% significance level  Accept H0 Accept H0 Reject H0 
FLO – concentrations measured in Florida monitoring program   
GC – concentrations measured in Gold Coast monitoring program   
 
As shown in Table 2, H0 for TSS and TN can be accepted, whilst H0 for TP is 
rejected at the 1% significance level. As such, results of the statistical analysis 
further strengthens the conclusions derived from the box plot comparison of 
stormwater quality parameters given in Figure 5 and Figure 6.   
4. CONCLUSIONS 
The analysis undertaken to assess the treatment performance of a stormwater 
treatment device in Florida to SEQ conditions, consisted of two phases. Initially, the 
characteristics of the Florida rainfall events were compared with typical rainfall 
characteristics for SEQ. For the assessment of inflow stormwater quality, measured 
data from the Florida study was compared with the stormwater quality 
measurements from two monitoring programs previously undertaken by QUT. 
Rainfall depth, rainfall duration and maximum 6 minute rainfall intensity for Florida 
and SEQ rainfall events were initially compared using scatter plots. The cluster 
pattern of the Florida events suggests that primary characteristics of these events 
are similar to the events that occur in SEQ for average, and above and below 
average rainfall years. A more detailed analysis of the statistical similarity of the 
primary rainfall parameters between SEQ and Florida strengthened this conclusion. 
Additionally, the analysis of intensity-frequency-duration curves and rainfall temporal 
patterns confirmed that the SEQ rainfall events selected from the average rainfall 
year (2004) were similar to the monitored Florida events.    
In the case of stormwater quality, measured data for Florida was initially compared 
with data derived from two SEQ monitoring programs using boxplots. TSS and TN 
concentration ranges for the Florida study were similar to the SEQ data. However, 
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the concentrations of TP observed in the Florida study were relatively higher 
compared to the SEQ study areas. These conclusions were further strengthened by 
a rigorous statistical analysis of the stormwater quality parameters. Based on the 
similarities in TSS and TN concentration ranges between Florida and SEQ, it was 
concluded that their removal performance would not be very different if the treatment 
device was installed in SEQ. However, its performance in relation to TP removal 
needs further investigations. The methodology presented could be extended to a 
comparison of other water quality parameters. 
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